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Abstract: Cobalt-based alloy materials, widely used for laser cladding, are difficult to process.
To address this problem, and based on the analysis of the physicochemical properties of cobalt
and its compounds, a method for removing cobalt-based alloy materials under photocatalytic
conditions was proposed under the effect of ultraviolet photocatalysis and chemical corrosion. In this
study, a material removal model under photocatalytic conditions was established, and the reaction
principle of cobalt-based alloys under ultraviolet photocatalysis and chemical corrosion conditions
was described. We designed a corrosion solution configuration test and established a cobalt-based
alloy processing test based on a pneumatic wheel test platform. The processing test proved that
the combination of ultraviolet (UV) photocatalysis and Basic Yellow 40 + TiO2 chemical corrosion
pretreatment can significantly increase the mechanical material removal rate of cobalt-based alloy
materials and effectively reduce surface roughness. At the same time, processing efficiency can be
increased over 40%. This showed that the new method is capable of performing well in the field of
mold cobalt-based alloy coating processing in the future.

Keywords: Co-based alloys; laser cladding; photocatalysis; chemical corrosion; mechanical material
removal rate (MMRR); surface quality

1. Introduction

Laser cladding techniques utilize a laser heat source to deposit layers of a desired metal on to
a substrate [1–3]. As a kind of self-fluxing alloy material, cobalt-based alloy can be used to improve
the surface properties of a metal material through laser cladding, as the coating layer provides high
hardness, high temperature resistance and wear resistance [4–7]. This method is widely used in mold,
automotive, and steam turbine manufacturing [8–12]. In the automotive industry, the wear resistance
of laser cladding cobalt-based alloy coatings is five times greater than that of the original material.
If a mirror-grade surface is achieved, the wear resistance can be further improved twofold [13–16].
In the aerospace industry, the amount of alloy used for molds can be reduced by 50% as a result of
the application of laser cladding cobalt-based alloy technology [17–20]. In the petroleum industry,
the wear-resistant parts of mining machinery are coated with cobalt-based alloys, and the surface
roughness of the cobalt-based alloy is controlled below 10 nm, which can improve the service life
of drilling and mining machinery by two to five years [21–24]. In the energy industry, cobalt-based
alloy coatings can be used for steam turbine blades because of anti-cavitation and high temperature
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corrosion fatigue [25–27]. At present, many scholars have also conducted in-depth research on laser
cladding of cobalt-based alloys. For example, Tang et al. [28] cladded a special cobalt-based alloy
layer on the surface of Ti-6Al-4V titanium alloy, and the wear resistance of the alloy improved 28-fold,
while Tong et al. [29] cladded cobalt-based alloy on the surface of ductile iron QT600-3, which more
than quadrupled the hardness of the cast iron. Xu et al. [30] introduced electromagnetic stirring into
the process of a cladding cobalt-based alloy, and found that it effectively refined and homogenized
the microstructure of the cladding layer and further improved the hot corrosion resistance of the
cobalt-based alloy coating. These studies show that laser cladding cobalt-based alloy technology has
an important role in numerous industrial fields. Current research focuses on the cladding work of
cobalt-based alloys, while there is little research on the processing of cobalt-based alloy cladding
layers. Therefore, improvements in the surface roughness of cobalt-based alloy coatings has broad
application potential.

However, it is difficult to machine the surface of cobalt-based coatings because of the high hardness
and high wear resistance of the cobalt-based alloys layer. In the field of precise mold manufacturing,
the surface roughness (Ra) of the mold surface is generally required to be from 100 nm to 200 nm in
order to match the surface roughness requirements of the parts. At present, the main processing method
for cobalt-based alloys is mechanical removal, such as grinding with a grinding belt and polishing with
a wheel. Since the surface of a cobalt-based alloy cladding layer is uneven, conventional mechanical
machining methods cannot effectively remove the cobalt-based alloy cladding layer. Additionally,
these traditional methods may also involve long processing times and tough removal processes, and
typically result in an imprecise surface. Therefore, techniques including corrosion pretreatment under
photocatalytic conditions have been developed to improve the processing properties of cobalt-based
alloys. In recent years, photocatalysis has attracted extensive attention in the precision processing
industry as an emerging auxiliary technology. Zhou et al. [31] obtained an atom-level smooth surface
with a material removal rate of 120 nm/h. Using ultraviolet light to promote oxidation of the material,
Wang et al. [32] performed chemical mechanical polishing with H2O2 in combination with SiO2 as
a polishing slurry, and found that this method improved the polishing efficiency. Ye et al. [33] added
an UV LED (Light-emitting diode) system to the chemical mechanical polishing system of 4H-SiC
wafers, and achieved higher material removal rates and atomically smooth surfaces. From these
studies, it can be seen that photocatalytic technology has gained increasing application in the field
of precise processing. However, there is no corresponding high-efficiency photocatalytic material
removal method widely used for surface processing of cobalt-based alloy coatings. Consequently,
there is great practical significance and research prospects for the high-efficiency material removal
method of cobalt-based alloy under photocatalytic conditions.

Based on the above requirements for the precise machining of cobalt-based alloys, a method for
removing cobalt-based alloy materials under photocatalytic conditions was proposed in this paper,
and a material removal model under photocatalytic conditions was established. Improvements in the
processing efficiency and processing quality of cobalt-based alloys were verified by a corrosive liquid
configuration test and a mechanical processing comparison test.

2. Materials and Methods

2.1. Photocatalytic Material Removal Principle

Cobalt-based alloy is a type of high-hardness alloy composed of Co, Cr and Mo. It is difficult
to remove quickly by conventional machining methods. Obviously, if difficult-to-process materials
can be changed into easy-to-process materials by specific methods, the processing efficiency may be
greatly improved. During high-temperature processing, a divalent oxide CoO is formed on the surface
of cobalt-based alloys, and Co may be further oxidized to Co2O3 when in the presence of air for a long
time [34,35]. Therefore, both Co and Co2O3 oxide layers should be considered during processing
pretreatment of cobalt-based alloys.
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According to previous studies, Co and its Co2O3 oxide layer can be converted into soluble cobalt
salt using a corrosive solution [34]. Thence, in this study, mechanical pretreatment of cobalt-based
alloys was carried out using TiO2 + Basic Yellow 40 solution under ultraviolet (UV) ray photocatalytic
conditions. The chemical formula of Basic Yellow 40 is C22H24ClN3O2, and its English alias is
“1h-benzimidazolium, 2-(7-(diethylamino)-2-oxo-2h-1-benzopyran-3-yl)-1, 3-dimethyl-chloride”. It is
a substance similar to cathilon dye. Our specific implementation method involved immersing the
cobalt-based alloy sample in the corrosion solution, and externally irradiating it with UV light for
a suitable time. This method was only to show the effect of ultraviolet light, as irradiation with
ultraviolet light can enhance the ionization of cobalt-based alloys. Through a chemical corrosion
solution configuration test, we concluded that cobalt in the solution was irradiated when the ultraviolet
light was turned on, and the content of Co2+ increased significantly. In addition, the processing
properties of the cobalt-based alloys were improved. This was only a function of the sparse metal
oxide layer on the surface of the cobalt-based alloy, and did not affect the corrosion resistance or high
hardness of the alloy itself. Figure 1 shows the surface model comparison of cobalt-based alloys before
and after photochemical pretreatment.
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Figure 1. Surface model comparison of cobalt-based alloys before (a) and after (b) photochemical
pretreatment.

As can be seen in Figure 1, hv stands for the photon energy under ultraviolet light catalysis.
The etching solution used was a Basic Yellow 40 solution to which TiO2 had been added. The specific
implementation method involved the cobalt-based alloy sample being immersed in the etching liquid,
with external irradiation performed under ultraviolet light for a suitable time. The main reaction
process was as follows:

After TiO2 is irradiated with UV light, electrons are excited by the valence band to the conduction
band, producing a highly active electron (e−) on the conduction band and leaving a hole (h+) in the
valence band [36]. The reaction equation is shown in Equation (1) [37]:

TiO2 + hv→ e− + h+ (1)

Under the action of the hole h+, H2O is oxidized to form a highly reactive hydroxide radical −OH
and H+. The reaction equation is shown in Equation (2) [38]:

H2O + h+
→ −OH + H+ (2)

The generated electron e− reacts with dissolved oxygen O2 in water to produce an oxygen radical
ion O−2 . The reaction equation is shown in Equation (3):

e− + O2 → O−2 (3)
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OH− is produced by the oxygen radical ion O−2 . The relevant reaction equations are shown in
Equation (4) through Equation (7) [39]:

O−2 + H+
→ HO2− (4)

2HO2− → O−2 + H2O2 (5)

O−2 + e− + 2H+
→ H2O2 (6)

H2O2 + e− → −OH + OH− (7)

Co2O3 is an amphoteric oxide, soluble in acid and alkali, so an alkaline environment provided by
Basic Yellow 40 solution will gradually dissolve a Co2O3 oxide layer and convert it into soluble cobalt
salt. As this oxide layer dissolves, Co can be oxidized to Co2+ under UV light irradiation. Part of
Co2+ and the OH− provided in Equation (7) are combined into water-insoluble Co(OH)2. The reaction
equation is shown in Equation (8):

Co+ + 2OH− → Co(OH)2 ↓ (8)

Another fraction of Co2+ reacts with Cl− (produced by Basic Yellow 40), producing CoCl2.
The reaction equation is shown in Equation (9):

Co2+ + 2Cl− → CoCl2 (9)

CoCl2 is a water-soluble salt, and Co(OH)2 is a water-insoluble base. Thus, under the action of
Basic Yellow 40 + TiO2 corrosion solution and UV photocatalysis, elemental cobalt on the surface of
a cobalt-based alloy will eventually be converted into soluble CoCl2 and insoluble Co(OH)2 precipitate,
leading to an alloy with a loose microstructure surface which is easy to remove by machining.

2.2. Photocatalytic Cobalt-Based Alloy Material Removal Test

Chemical Corrosion Solution Configuration Test

Figure 2 displays the devices used for establishing a corrosion solution configuration test.
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Figure 2. Test devices of corrosion liquid configuration. (a). Non-photocatalytic test group,
(b). Photocatalytic test group.

The material used in the corrosion solution configuration test was Stellite 6B cobalt-based alloy
coating on steel No. 45. The wavelength of the UV light was set to 356 nm. Three types of corrosive
liquid were prepared, and the amount of each component in the liquids is shown in Table 1.
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Table 1. Composition and ratio of corrosion liquid.

Group
H2O TiO2 Basic Yellow 40

(g) (g) (g)

A 245 5 0
B 245 0 5
C 245 5 5

According to research in the field of chemistry, TiO2 film doped with Co2+ has obvious absorption
of UV light of wavelengths 250 nm to 380 nm [40]. Therefore, a high-pressure mercury lamp with
UV light (P: 100 W) was selected to increase the photocatalytic effect. In order to ensure the same
ultraviolet light intensity for each group, the angle of the ultraviolet light was kept constant, and the
distance between the fixed ultraviolet lamp and the solution remained unchanged.

Cobalt-based alloy samples were immersed in the three corrosive solution types. Tests were
subsequently carried out under both non-photocatalytic and photocatalytic conditions. Since the
cobalt-based alloy forms an oxide layer on the surface during high-temperature processing, the test
time could not be too short. Thus, 3 h was selected. The solubility of cobalt was analyzed by XPS
(X-ray photoelectron spectroscopy), and the surface corrosion effect of each test group was observed
using the KEYENCE VW-6000 dynamic analysis three-dimensional display system (Osaka, Japan).

2.3. Pneumatic Wheel Processing Test

In this part, combined with the pretreatment method determined in Section 3.1, the rationality
of the removal method of cobalt-based alloy material under photocatalytic conditions was further
verified by a mechanical processing test.

Firstly, a small cobalt-based alloy processing test platform, based on the six-degree-of-freedom
industrial robot MOTOMAN-HP20 (Kitakyushu, Japan), was established. An air-pressing machine
and a pneumatic wheel were used for the polishing test. Figure 3 displays the test platform used for
cobalt-based alloy processing.
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Figure 3. Test platform of cobalt-based alloy processing. (a). Overall structure, (b). Pneumatic grinding
wheel structure.

Using the platform shown in Figure 3, material removal processing tests were performed on the
cobalt-based alloys under three different processing conditions. The three condition types were: Pure
mechanical processing conditions (Tra), chemical pretreatment + mechanical processing conditions
(Tra + Che), and UV photocatalysis + chemical pretreatment + mechanical processing conditions (Tra +

Che + UV). Table 2 lists the uniform process parameters under the three processing conditions.
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Table 2. Process parameter settings under three processing conditions.

Balloon Diameter Airbag Elastic Modulus Wheel Abrasive Material Abrasive Diameter Air Pressure

(mm) (MPa) - (µm) (MPa)
50 11.9 Al2O3 75 0.2

Pressing Amount Wheel Inclination Wheel Speed Processing Time

(mm) (Rad) (r·min−1) (min)
0.5 0.5 0.4 10

The test parameters were set according to the results of previous research groups on the removal
of pneumatic wheel materials [41–43]. According to the test surface size of the cobalt-based alloy
sample and the requirements of industrial processing efficiency, the processing time was set to 10 min
to verify the efficiency of the new method.

A GH-202 electronic analytical balance from A&D Company (Tokyo, Japan), was used to measure
the mass change of the cobalt-based alloy before and after processing. Additionally, an NT9800 white
light interferometer from Veeco (LongIsland, NY, USA), was used to measure the surface roughness,
Ra, and topography of the cobalt-based alloy before and after processing.

3. Results and Discussion

3.1. Chemical Corrosion Solution Configuration Test

Table 3 provides the test results of the solubility analysis of cobalt by XPS.

Table 3. Cobalt solubility analysis results.

Scheme Corrosion Liquid UV
Time of Reaction Content of Co2+

/h /mg·L−1

1 A Off 3 0.39
2 A On 3 0.05
3 B Off 3 12
4 B On 3 15
5 C Off 3 23
6 C On 3 64

As seen in Table 3, elemental cobalt was insoluble in the catalytic solvent under the function of
TiO2 and water, even with UV photocatalysis. In contrast, part of the cobalt element was converted
into Co2+ under the action of Basic Yellow 40 and water, as Co2+ reacted with Cl− ions provided by
Basic Yellow 40 to form CoCl2. As a result, Co showed slightly soluble characteristics under such
conditions. After applying UV photocatalysis, the amount of dissolution increased slightly, but it was
still in the marginally soluble stage. In the test group of TiO2 + Basic Yellow 40 + water, the solubility
of the cobalt element was noticeably increased. Additionally, after UV light catalysis was applied, the
solubility of the elemental cobalt was further improved.

As discussed previously, the corrosion solution of TiO2 + Basic Yellow 40 + water, combined with
UV photocatalysis, can make cobalt and its oxide layer on the surface of cobalt-based alloys form
soluble substances, resulting in a remarkable surface corrosion effect.

Figure 4 shows the surface topographies of the cobalt-based alloys before and after corrosion, as
observed by the dynamic analysis of a three-dimensional display system.
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Figure 4. Surface topographies and surface profile of cobalt-based alloys before and after corrosion. (a).
Original surface, (b). Chemical corrosion, (c). UV light + Chemical corrosion.

As illustrated by Figure 4a,b, elemental cobalt in the surface layer of the cobalt-based alloy was
converted into soluble CoCl2 and insoluble Co(OH)2 after immersion in the TiO2 + Basic Yellow
40 solution. Significant corrosion marks appeared on the surface of the sample after cleaning. Compared
with the corresponding surface profile figures, it was also found that the surface material was slightly
removed, indicating that the surface structure was damaged to some extent. After increasing the UV
photocatalytic effect, the corrosion marks were obvious and the surface structure was further destroyed.
The surface profile peaks were significantly reduced and the surface structure was obviously destroyed
(Figure 4c). Compared with the original surface topography (Figure 4a), the corroded surface of the
metal became looser than the previously untreated surface, and the surface metal structure was greatly
damaged. At the same time, a large number of pits could be found after corrosion by observing the
corrosion morphology (Figure 4b,c). The reason for this was that the cobalt-based alloy was essentially
a cobalt-chromium-molybdenum alloy—i.e., the surface was not composed of a single element, as it
also contained other elements like chromium and molybdenum. The corrosion solution proposed
in this paper was only suitable for elemental cobalt and its compounds in the cobalt-based alloy,
rather than other elements on the surface of the alloy. Thus, the corrosion solution caused the surface
unevenness observed in Figure 4. In summary, the corrosion process was non-uniform and did not
cause significant material removal of the alloy surface, resulting in a desired surface quality. Only with
subsequent machining could the ideal machining effect be achieved.

Combined with the results of the XPS analysis in Table 3, it could be determined that a large
amount of elemental Co was dissolved under the applied chemical corrosion pretreatment on the
surface of the cobalt-based alloys. After adding ultraviolet light irradiation conditions, the corrosion
solution had a stronger destructive force to the alloy structure in the same time frame. Consequently,
through a pretreatment of UV photocatalysis + chemical etching, we were able to obtain a loose
cobalt-based alloy surface structure, which was convenient for subsequent material processing.

3.2. Pneumatic Wheel Processing Test

Mechanical material removal rates (MMRRs) were determined by measuring the mass changes of
the workpieces before and after polishing [44–46]. Equation (10) is the formula used to calculate the
mechanical material removal rate:

MMRR =
∆m
ρSTp

(10)

where ∆m is the quality difference before and after polishing, ρ is the density of the cobalt-based alloy,
S is the area of polishing, and Tp is the processing time.
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Figure 5 displays the MMRRs under the three different testing conditions outlined in Section 2.3.
Note that single mechanical processing without no pretreatment conditions (Tra), which has a fixed
MMRR, is provided in Figure 5 to facilitate a comparative analysis.Metals 2019, 9, x FOR PEER REVIEW 8 of 13 
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Figure 5. Mechanical material removal rate (MMRR) changes under different processing conditions.

Part of the Co element on the surface of the cobalt-based alloy was oxidized and dissolved into
CoCl2 or precipitated into Co(OH)2 following chemical pretreatment. The surface structure of the
alloy was destroyed, and the MMRR was slightly increased. Under the same immersion time, the
chemically pretreated alloy structure was sparser following UV photocatalysis, and the MMRR was
further improved, which confirmed the high efficiency of the cobalt-based alloy removal method under
photocatalytic conditions.

In order to explore the influence of pretreatment time on the cobalt-based alloy MMRR, a series of
tests were carried out under the Tra + Che + UV condition. Figure 6 shows the results.
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As seen in Figure 6, there was little change among the MMRRs for the ultraviolet photocatalytic +

chemical corrosion pretreatment 10 min, 20 min, and 30 min in length. This was due to the presence of
an amphoteric Co2O3 oxide layer in the cobalt-based alloy sample. The Co2O3 oxide layer limited
the contact between Co and both the corrosion solution and ultraviolet light. Thus, it was difficult to
dissolve a large amount of the Co element on the surface of the cobalt-based alloy to achieve surface
corrosion. Consequently, the surface change was not large and the processing efficiency was not
improved. For the pretreatments 40–90 min in length, the Co2O3 oxide layer was gradually dissolved
into the Basic Yellow 40 solution, and therefore more elemental Co was oxidized to Co2+ and dissolved
in the corrosion solution or precipitated as Co(OH)2. The surface structure was damaged significantly
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after 90 min of pretreatment, and the MMRR nearly tripled compared to the shorter (10–30 min)
pretreatment times. For the pretreatments 90–120 min in length, the Co2O3 oxide layer was further
dissolved, a large amount of Co elements was dissolved into the solution, the surface was extensively
destroyed, and the MMRR was further improved by 28%. Although pretreatments of more than
120 min greatly reduced the difficulty of cobalt-based alloy processing, the MMRR was likely to
cause excessive reaction and material removal on the surface of the material. Thus, selection of ideal
pretreatment times should also consider the impact of machining quality.

In order to analyze the impact of the photocatalytic conditions on the resulting machining quality,
the surface roughness, Ra, was firstly measured using an NT9800 white light interferometer. We
selected a group of cobalt-based alloys with an Ra between 230 nm and 250 nm for these experiments.
Figure 7 shows the change of Ra under the three different testing conditions mentioned above and
outlined in Section 2.3.
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Figure 7. Surface roughness changes under different conditions.

As seen in Figure 7, the cobalt-based alloy was a kind of high wear-resistant and high hardness
material, and the original surface structure seriously affected the removal efficiency of the material so
that Ra was only reduced from 242 nm to 158 nm. After chemical corrosion pretreatment, with the
help of dissolution of the Co and Co2O3 oxide layers, the Ra of the sample was reduced to 102 nm
after pneumatic wheel processing. When the ultraviolet light catalysis condition was added in the
pretreatment stage, the surface structure of the cobalt-based alloy material became sparser, and the
machining difficulty was further reduced. As exhibited in Figure 7, after a pretreatment of 30–50 min,
the pressure roller process could reduce the Ra to 100 nm, or even further to 85 nm.

Additionally, according to further analysis of the UV photocatalytic + chemical pretreatment +

mechanical processing test group data in Figure 7, we also found that in the first 30 min of pretreatment,
the machining difficulty was reduced and the surface quality was improved significantly. After
processing by the pneumatic wheel, the Ra of the sample surface had been reduced to 100 nm.
Following pretreatment of 30 min to 180 min, the improvement in machining quality by the pneumatic
wheel was not significant, despite the surface metal being further dissolved and the processing difficulty
being further reduced. Consequently, in the case of removal of cobalt-based alloy material by the
pneumatic wheel, the processing difficulty of the modified surface was significantly reduced following
30 min of UV photocatalytic + chemical pretreatment.

Combined with the results of the MMRR analysis, it can be concluded that long-term material
pretreatment can significantly improve the MMRR of cobalt-based alloy coatings, but the surface
quality improvement effect is not obvious, and the material is easily removed in excess. Therefore, the
time for UV photocatalytic + chemical pretreatment of cobalt-based alloy coatings should be set to
about 30 min.
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The surface topography of the samples was also observed using the NT9800 white-light
interferometer. Figure 8 shows topographical views of the machined surfaces under the three
different testing conditions.Metals 2019, 9, x FOR PEER REVIEW 10 of 13 

 

Ra=92 nm

0.76
μm

157.0 μm

117.7

0.50

0.00

-0.50

-1.00

-1.50
Ra=119nm

μm

157.0 μm117.7

Ra=85 nm

nm

157.0 μm

117.7

1.27

1.10

0.90

0.70

0.50

0.30

0.10

-0.10

-0.30

-0.50

-0.75

918

700

500

300

100

-100

-300

-500

-700

-900
-1020

Processing for 3 minutes Processing for 6 minutes Processing for 10 minutes

 

Ra=245 nm

1.43

1.00

0.50

0.00

-0.50

-1.13

μm

157.0 μm

117.7

Original Surface

Ra=158 nm

1.30

1.00

0.50

0.00

-0.50

-1.13

μm

157.0 μm

117.7

Processing for 10 minutes

Ra=102 nm

837
nm

157.0 μm
117.7

700

500

300

100

-100

-300

-500

-700

-960

Processing for 10 minutes

(a) Original appearance                                         (b) Tra                                                     (c) Tra + Che

(d) Tra + Che + UV  

Figure 8. Surface topographies under three different processing conditions. (a). The original 

workpiece, (b). Mechanical processing conditions (Tra), (c). Chemical pretreatment + mechanical 

processing conditions (Che + Tra), (d). UV photocatalysis + chemical pretreatment + mechanical 

processing conditions. 

As seen in Figure 8, only a small amount of material could be removed by the mechanical 

processing method without pretreatment, and the surface scratches were obvious after processing 

(Figure 8b). After chemical corrosion pretreatment, although the workpiece’s processing difficulty 

was reduced, the effect on scratch removal was not good (Figure 8c). Machining for 3 min could 

approach the surface quality of a single chemical corrosion pretreatment with machining. After 6 min 

of machining, the Ra was significantly reduced, and the surface scratches disappeared, indicating a 

significant improvement in surface quality. After machining for 10 min, the surface quality was 

basically level with the effects of 6 min of processing (Figure 8d). This suggests that cobalt-based alloy 

coating pretreated by UV photocatalytic + chemical corrosion should be processed for 6 min to obtain 

an ideal processed surface, and that the processing efficiency can be improved by more than 40% 

compared to the other two processing methods. 

Due to the high temperature treatment of the cobalt-based alloy, a divalent oxide CoO was 

formed in the surface of the material. CoO was further oxidized to Co2O3 in air, so the surface 

treatment only affected the sparse metal layer on the surface of the cobalt-based alloy. As shown in 

Figure 4, we observed that, after the surface treatment, the microscopic morphology changed slightly, 

and the research on its processing characteristics was in line with its basic application. Due to the 

complex alloy composition, we will discuss the chemical composition of cobalt-based alloys in a 

future work. 

In summary, the proposed method of removal of cobalt-based alloy material under 

photocatalytic conditions can not only significantly improve the MMRR and guarantee surface 

roughness, but can also reduce the occurrence of surface defects, such as surface scratches, 

protrusions, and dents. This provides support for the effectiveness of the removal method of cobalt-

based alloy materials under photocatalytic conditions. 

4. Conclusions 

In this work, based on the current demand for precise machining of cobalt-based alloys in the 

industrial field, a chemical reaction principle and model of cobalt-based alloy under UV 

photocatalytic + chemical corrosion pretreatment is introduced, and a new method for removing 

cobalt-based alloy materials under photocatalytic conditions is proposed.  

Figure 8. Surface topographies under three different processing conditions. (a). The original
workpiece, (b). Mechanical processing conditions (Tra), (c). Chemical pretreatment + mechanical
processing conditions (Che + Tra), (d). UV photocatalysis + chemical pretreatment + mechanical
processing conditions.

As seen in Figure 8, only a small amount of material could be removed by the mechanical
processing method without pretreatment, and the surface scratches were obvious after processing
(Figure 8b). After chemical corrosion pretreatment, although the workpiece’s processing difficulty
was reduced, the effect on scratch removal was not good (Figure 8c). Machining for 3 min could
approach the surface quality of a single chemical corrosion pretreatment with machining. After 6 min
of machining, the Ra was significantly reduced, and the surface scratches disappeared, indicating
a significant improvement in surface quality. After machining for 10 min, the surface quality was
basically level with the effects of 6 min of processing (Figure 8d). This suggests that cobalt-based
alloy coating pretreated by UV photocatalytic + chemical corrosion should be processed for 6 min to
obtain an ideal processed surface, and that the processing efficiency can be improved by more than
40% compared to the other two processing methods.

Due to the high temperature treatment of the cobalt-based alloy, a divalent oxide CoO was formed
in the surface of the material. CoO was further oxidized to Co2O3 in air, so the surface treatment
only affected the sparse metal layer on the surface of the cobalt-based alloy. As shown in Figure 4,
we observed that, after the surface treatment, the microscopic morphology changed slightly, and the
research on its processing characteristics was in line with its basic application. Due to the complex
alloy composition, we will discuss the chemical composition of cobalt-based alloys in a future work.

In summary, the proposed method of removal of cobalt-based alloy material under photocatalytic
conditions can not only significantly improve the MMRR and guarantee surface roughness, but can
also reduce the occurrence of surface defects, such as surface scratches, protrusions, and dents. This
provides support for the effectiveness of the removal method of cobalt-based alloy materials under
photocatalytic conditions.
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4. Conclusions

In this work, based on the current demand for precise machining of cobalt-based alloys in the
industrial field, a chemical reaction principle and model of cobalt-based alloy under UV photocatalytic
+ chemical corrosion pretreatment is introduced, and a new method for removing cobalt-based alloy
materials under photocatalytic conditions is proposed.

(1) By analyzing the solubility of the cobalt element using XPS technology, and with corroboration
from a dynamic analysis of a three-dimensional display system, we found a pretreatment of UV
photocatalysis + chemical etching can generate a kind of loose surface structure of a cobalt-based
alloy—which is convenient for subsequent processing. Additionally, TiO2 + Basic Yellow 40 solution
has been shown to be a viable corrosive solution.

(2) Through pneumatic wheel processing tests, we found the MMRR can be increased nearly three
times after 30 min of UV photocatalytic + chemical pretreatment compared to traditional processing.
Furthermore, it can help to avoid excessive material removal. After ultraviolet catalysis is added in the
pretreatment stage, a pressure roller process can reduce Ra to 85 nm.

(3) After a cobalt-based alloy coating is mechanically processed on the basis of UV photocatalytic
+ chemical corrosion pretreatment for more than 30 min, the surface scratches, protrusions and
depressions are easily removed, and the surface quality is remarkably improved. The mechanical
processing efficiency of the proposed method can be improved by more than 40% compared with the
traditional processing method.

The results of our tests and numerical analyses indicate that this new method may solve the
problems of high hardness and high wear resistance of cobalt-based alloys, which is difficult to deal
with using ordinary mechanical processing.
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